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Description 

[0001] The invention relates to security devices, 
methods for constructing such devices, and methods 
and apparatus for authenticating the devices. . 5 

[0002] Security devices such as holograms and dif- 
fraction gratings have become well known for protecting 
identification articles such as credit cards and the like. 
A typical example is described in US-A-4269473 in 
which a hologram is incorporated into a layer of an iden- 
tification card. In this case the hologram includes ma- 
chine readable characters as well as a visual represen- 
tation of the other features of the card. 
[0003] US-A-41 84700 describes the provision of a re- 
lief structure on a thermoplastic coating of an identifica- 
tion card or document which responds to incident, visi- 
ble light to generate an interference pattern. 
[0004] US-A-4544266 describes a special diffraction 
pattern which is provided on an identity card or the like, 
the pattern comprising for example a hologram or dif- 
fraction grating. The diffraction pattern will diffract light 
at different wavelengths in different directions and this 
is used to provide an indication of whether a security 
device under test is authentic. 

[0005] US-A-3542446 discloses the recording of a 
number of holograms in different sub-areas of a storage 
medium so that upon exposure to light, coded informa- 
tion within the holograms can be determined. 
[0006] GB-A-201 6775 describes the provision of two 
optical markings on a substrate which cause a reading 
light be to deflected in different directions. 
[0007] US-A-41 40373 describes a composite holo- 
gram which generates two machine readable codes 
which can be read at respective, different wavelengths. 
This suffers from the disadvantage that the existence of 
machine readable information is readily apparent and 
thus is likely to be fraudulently copied. 
[0008] DE-A-3840037 describes a security device ac- 
cording to the preamble of claim 1 . 
[0009] There is a continuing need to increase the se- 
curity of devices of this type and in accordance with a 
first aspect of the present invention we provide a secu- 
rity device according to the characterizing part of claim 
1. 

[0010] This new security device involves the provision 
of first and second diffract ive patterns to form a com- 
posite structure, which patterns are individually gener- 
ated (e. g. reconstructed) upon illumination at two dif- 
ferent wavelengths and alternately predominate de- 
pending upon the wavelength of the incident radiation 
used for reconstruction of the images. 
[001 1] This device appears to the normal observer to 
be conventional in that the first pattern is visible (i.e. hu- 
man readable) upon normal illumination. It has en- 
hanced security not only because of the presence of the 
second structure but also because the machine reada- 
ble pattern is not apparent upon illumination with the first 
wavelength. 



[0012] Typically, at the second wavelength the first 
structure pattern is angularly or spatially separated from 
the first pattern. 

[0013] The patterns may be fully superposed (i.e. 
added to form a single, combined relief structure), par- 
tially overlap, or be positioned side by side. 
[0014] In one example, the second wavelength may 
comprise infra-red radiation and the first wavelength is 
a band of white light. The references to illumination at 
the second wavelength includes illumination at a wave- 
length band. In this context, visible wavelengths are re- 
garded as lying in the range 400 nm to 700 nm. Usually, 
the second wavelength will be longer than the first and 
preferably will lie in the infrared range, particularly the 
near infrared. Typical wavelengths for the second wave- 
length will be in the range 701 to 1000 nm, preferably 
850 to 950 nm. 

[0015] In the preferred example, a wavelength of 
about 950 nm will be used with a small band of radiation 
centred around that value. Alternatively, an even nar- 
rower band such as generated by a laser for example a 
solid state laser diode could be used. 
[0016] Effectively, this new security device enables 
the second pattern to be substantially concealed from 
the user of a security printed document, card or other 
substrate on or verifiably within which the device is pro- 
vided. This concealment can be enhanced at the first 
wavelength if the second pattern has a lower brigntness 
than the first pattern (eg. less than 20%), or is at a sub- 
stantially different angle, or is reconstructed at a differ- 
ent distance from the first. 

[0017] One example of the first structure would be one 
which generates a "rainbow" (Benton) display hologram 
made by conventional embossing and metallising for 
visual authentication overlaid with a second structure for 
generating a weak machine readable diffraction grating 
or hologram, the second structure covering the entire 
area of the first and designed to be read at infra-red 
wavelengths. Upon illumination with white light a rain- 
bow hologram will reconstruct to give an image banded 
with colour especially visible at the peak of the eye re- 
sponse (500-600 nm), the colour changes depending on 
the viewing angle. 

[001 8] Another method for concealing the second dif- 
fractive pattern upon irradiation at the first wavelength 
is to arrange for the image forming the second pattern 
to be formed (ie. reconstructed) much further from the 
device than the image from the first diffractive structure. 
Indeed, preferably the second reconstructed pattern is 
formed at a relatively far distance from the device, for 
example between 1 00 mm and 300 mm. This maximises 
the blur associated with the image generated by the sec- 
ond structure under white light viewing conditions due 
to chromatic aberrations resulting from dispersion. Typ- 
ically in a visual rainbow hologram, image points greater 
than 50 mm from the image plane (ie. the surface of the 
device) become blurred due to chromatic aberrations 
because of dispersion. If the machine readable feature 
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forms an image at points further, possibly much further, 
from the image plane than this (200 mm to 300 mm) then 
there will be a large degradation in the image formed of 
the machine readable feature under normal lighting con- 
ditions making visual detection of the machine readable 
feature very difficult. 

[0019] Preferably, the first and second diffractive 
structures extend over substantially the same area ot 
the device. 

[0020] However, the rainbow hologram and machine 
readable feature could also occupy different regions of 
the device. For example the machine readable structure 
may be incorporated in part of a standard image holo- 
gram design, either added to it or surrounded by it. 
[0021] A typical example would be a display hologram 
containing a visually verifiable and distinctive first image 
plus a concealed machine readable second image. This 
would be used as a security device for the authentication 
of documents, financial cards (such as credit cards, 
bank notes) or goods, by providing a brand protection 
label etc., as a security feature against counterfeiting 
and forgery with both visual and covert machine reada- 
ble security. The device may also be incorporated in a 
passport, visa, identity card or licence. Optionally the 
information in the machine readable image could vary 
from the visual image (e.g. batch encoded over a small 
number of variations) for use as an additional security 
feature for example for the decoding/verification of cred- 
it cards in ATMs (automatic teller machine). 
[0022] The advantage ot recording the second diffrac- 
tive structure over the same area as the first is to prevent 
any particular area of the display image looking notice- 
ably different or degraded and to enable the whole area 
of the security device to contribute to the second recon- 
structed pattern so increasing its relative brightness on 
readout. 

[0023] It is also possible, however, by careful aesthet- 
ic design to include the white light hologram wholly or 
partly within the area having the machine readable dif- 
fraction pattern, or to confine the machine readable por- 
tion to a small area within or abutting the white light holo- 
gram. This can be disguised by good design. 
[0024] The machine readable area will generally not 
be less than 1 square millimetre in area. 
[0025] The hologram and the machine readable por- 
tion may abut. Thus for example a thin ribbon for exhi- 
bition on an authenticatable item may comprise adja- 
cently embossed regularly repeating abutting hologram 
and machine readable diffraction pattern features. 
[0026] While it is generally preferred that the two 
structures will at least overlap it is possible for the struc- 
ture to be spaced by a small area of plain metal. 
[0027] Commonly reconstructed images from both 
diffractive structures will be viewed by reflection in a 
conventional embossed hologram arrangement. 
[0028] The first and second diffractive structures are 
designed such that at the readout wavelengths of the 
second, machine verifiable structure (preferably near in- 



frared wavelengths) the first order diffracted beam from 
the first diffractive structure is diffracted within the body 
of the device i.e. below the horizon (or plane) of the de- 
vice. That is the first order diffraction angle is at least 

5 90°. This means that the image generated from the first 
structure upon illumination at the second wavelengths 
effectively does not exist at these wavelengths, so con- 
siderably enhancing the signal to noise ratio on readout 
for the machine verifiable structure. 

w [0029] Furthermore, it enables the pattern generated 
from a very weak machine readable diffractive structure 
to be concealed by the reconstruction from the visual 
first diffractive structure upon illumination at the first 
wavelengths but yet to be reconstructive with good sig- 

15 nal to noise ratio for machine verification at infrared 
wavelengths. 

[0030] There are two main advantages in eliminating 
the reconstruction from the first pattern when illuminat- 
ing at the second wavelength. Firstly, there is no angular 

20 overlap of the various reconstructed elements that con- 
stitute the first and second pattern generating structures 
so that, in the case of the first diffractive structure being 
a visual hologram, the "Benton" slits will vanish under 
the horizon, which leaves in principle an almost unre- 

25 stricted angular space into which the second pattern can 
reconstruct a machine verification pattern. The second 
advantage follows from the fact that it is important to 
limit the amplitude of the second structure and therefore 
its diffraction efficiency or brightness so that in general 

30 the reconstruction from the second structure will be 
much weaker than that from the first to improve invisi- 
bility. 

[0031] The first diffractive pattern can take a variety 
of forms of a conventional nature such as object holo- 

35 grams, two dimensional graphical diffraction effects, 
combined two and three dimensional graphical diffrac- 
tive patterns, single or matrixed diffraction gratings, 
computer generated interference patterns, kinegrams, 
stereoholograms and the like. The term "hologram" is 

40 used generically to include these. White light viewable 
holograms of the rainbow or Benton types are preferred 
as the first diffractive structures. Preferably diffractive 
devices are used which reconstruct to provide images 
which give a perception of depth, such as images of 

45 three dimensional objects, and graphical diffraction pat- 
terns which give the perception of there being a number 
of planes of depth on which images are represented. 
[0032] The preferred types of three dimensional im- 
ages will reconstruct to give the impression of the image 

50 being located at a position intersecting or close to the 
(physical) plane of the device. The image is perceived 
to be confined within parallel planes to the surface set 
at typically no greater than 50 mm on either side of the 
true surface. 

55 [0033] Such images which are being grouped under 
the generic name "holograms" may be created by holo- 
graphic recording on an optical bench using a coherent 
laser light source. It is however possible to create simple 
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diffracting patterns by mechanical ruling methods. 
[0034] Alternatively diffractive patterns of a complex 
nature can be created by creating an instruction set in 
a computer which is then used to drive a fine electron 
beam which causes a surface relief pattern to be created 
on the resist coating exposed to the beam. 
[0035] The second structure may also have a conven- 
tional form as above or it may consist of an image holo- 
gram of an out of plane image consisting of a coded pat- 
tern of discrete spots. For example, a set of image points 
forming a digital e.g. on/off pixel pattern is particularly 
useful. This image is simply formed by a series of dif- 
fracting beams emanating from the device on illumina- 
tion and thus not necessarily having to reconstruct to 
form an image. In other words, the coded pattern can 
be regarded as a picture of a series of blocks. In this 
case an image of the blocks would be reconstructed. 
The alternative way is simply to create a set of beams 
which would diverge, these beams forming the coded 
pattern. 

[0036] This machine readable pattern will generally 
be recorded on the holographic table while making a 
white light hologram. 

[0037] In accordance with a second aspect of the 
present invention, a method of constructing a security 
device according to the first aspect of the invention com- 
prises forming the first diffractive structure as a surface 
relief on a substrate; and forming the second diffractive 
structure as a surface relief in the same region of the 
substrate as the first structure. Both structures prefera- 
bly combine to form a single surface relief pattern. 
[0038] The first and second pattern generating struc- 
tures may be formed simultaneously or sequentially. 
[0039] For example, the manufacturing technique can 
utilise conventional holographic origination for display 
holograms preferably recorded onto photoresist which 
can then be used to form embossing shims for the mass 
production of embossed holograms. The final photore- 
sist hologram or "H2" can be recorded by conventional 
transfer from one or more rainbow "HI" holograms to 
form the visual display image, plus exposure to either a 
diffusing target to give a pixel pattern, or whatever other 
form of machine verifiable image is desired. Thus, after 
recording of the first and second structures into a pho- 
toresist coating, the coating will be developed to provide 
the surface relief pattern which will eventually be used 
for embossing. This pattern will be electroformed into 
nickel and further replicas will be made for use on the 
embossing machine. 

[0040] We refer to "embossing" but replication of the 
surface relief pattern could occur by using the polymer- 
isation methods of replication well known for use with 
holograms. 

[0041] After replication the transparent polymeric sur- 
face will be metallised such as with aluminium or anoth- 
er suitable metal. This metallisation may be full or par- 
tial. Partial metallisation may be through the use of a 
very thin but even coating of metal. Alternatively the cre- 



ation of a halftone-like pattern of metal may be em- 
ployed as known in the art. 

[0042] As an alternative to metallisation after emboss- 
ing it is possible to emboss a thinly metallised surface. 

5 [0043] The polymeric surface which is embossed will 
generally be in the form of a plastic film or plastic coating 
supported on a substrate having a smooth surface. Lac- 
quer coated paper, optionally containing release agents, 
may be employed but generally the optical quality of the 

10 image is inferior to that found with smooth plastic film. 
This lacquer coated paper may be metallised after em- 
bossing and treated with a polymeric protective lacquer. 
Alternatively the lacquer may be metallised before em- 
bossing. Metallisation may be achieved by vapour or 

15 otherwise coating with a thin metallic layer such as alu- 
minium, chromium or copper. Alternatively, a thin layer 
of a different diffraction effect enhancing layer which has 
a refractive index different from that of the transparent 
polymeric material in use may be employed (such as 

20 described in US-A-4856857). 
[0044] Examples of such are: 
[0045] Transparent continuous thin films having a 
greater refractive index than the polymeric material 
comprising the diffractively embossed surface such as 

25 titanium dioxide, zinc oxide, zirconium oxide, silicon ox- 
ide, magnesium oxide and the like. 
[0046] Transparent strong dielectrics having a refrac- 
tive index greater than that of the polymeric material 
such as barium titanate. 

30 [0047] Transparent continous thin films having a 
smaller refractive index than the polymeric material 
such as magnesium fluoride. 

[0048] Organic polymeric coatings which have a sig- 
nificantly different refractive index to the polymeric ma- 
ss terials such as poly vinyl butyryl, polyethylene, polyvi- 
nylchloride and the like. 

[0049] In a preferred arrangement, the second struc- 
ture is formed by exposing the substrate to a recording 
beam through an aberrating optical system. 

40 [0050] This leads to an increase in security. If a set of , 
for example cylindrical or highly aberrated (but repro- 
ducible) optics or mirrors is used during the original re- 
cording a similar set of optics would be required within 
the reader to enable an image of the original machine 

45 readable feature to be formed by the (approximately) 
phase conjugate wave reconstructed. Without this 
matched set of optics only a highly aberrated unrecog- 
nisable image could be formed - thus providing an ad- 
ditional security feature. This would enable no useful in- 

50 formation to be gained from an examination of the holo- 
gram alone and would further conceal the nature of the 
machine verifiable image. In particular this anticipates 
the object beam for the machine readable image being 
recorded through a known optical system, such as cy- 

55 lindrical lenses, spherical lenses, possibly with deliber- 
ate tilt aberrations or particular focus positions which 
could be reproduced by similar optics within the reader 
mechanism. Such a system could usefully overcome the 
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previous problems of other phase conjugation systems 
proposed associated with the tight alignment tolerances 
needed to accurately phase conjugate through a highly 
aberrating medium (e.g. a diffusing scatterer). These 
would make practical application of such previous sys- . 5 
terns very difficult to achieve as any system would be 
extremely intolerant to small position and tilt errors likely 
to occur in real situations. This system would also allow 
a method of differentiating holograms in different read- 
ers intended for different applications simply by altering 
one parameter (possibly a lens position) within the op- 
tical system and would allow, if desired, readers to be 
simply matched to different hologram geometries by ad- 
justments/positioning ot the internal optics. 
[0051] Instead of the holographic table origination the 
machine readable diffraction pattern could be created in 
the form of an instruction set in a computer. That set 
would then be used to drive an electron beam. In this 
case the machine readable diffraction pattern couid be 
added to the computer generated holographic image 
and this presented in all pixels or a selected subset. Al- 
ternatively the machine readable pattern could be pre- 
sented in a specified set of pixels intersecting the display 
image without any scanned image content being 
present in these readable pixels. 
[0052] Although only one machine readable structure 
will normally be used, more than one machine readable 
structure could be recorded in the device, for example 
with one half of the embossed area forming the white 
light hologram containing the first machine readable da- 
ta and the other half the other. These two machine read- 
able teatures would be arranged to be read at substan- 
tially different angles. 

[0053] The substrate will typically comprise a plastics 
such as embossable transparent polyethylene, polypro- 
pylene, acrylic or other polymer coated (releasabty or 
otherwise) polyester and polyvinyl chloride. The plastics 
may be tinted. Printing may be applied at the embossed 
interface. 

[0054] The embossed substrates may be adhesive 
backed such as with pressure sensitive adhesives or hot 
stampable adhesives. Care must be taken during hot 
stamping to ensure that the machine readable image 
quality is not significantly deteriorated as it will generally 
provide a weaker signal. 

[0055] The finished devices may be used in their own 
right such as in passport visas where they may comprise 
essentially the whole article or they may be affixed to or 
otherwise incorporated into authenticatable items. For 
example the device may be presented in the form of a 
label. Alternatively it may be incorporated as a win- 
dowed thread in a security paper. Alternatively it may be 
presented as part of an adhesive film used for securing 
passport photographs to passports. 
[0056] Examples of items which may incorporate the 
device are passports, passbooks, tickets, permits, li- 
cences, financial transaction cards including cheque 
guarantee cards, charge cards, credit cards, cash with- 



drawal cards, electronic funds transfer cards, service 
entitlement cards, personal or article identification 
cards, prepayment cards, telephone cards, variable e. 
g. decrementing value cards, bonds, fiscal documents, 
bank notes, cheques including travellers cheques, 
vouchers, brand identification labels, tamper resisting or 
indicating labels. 

[0057] A method of authenticating a security device 
according to the first aspect of the invention or manu- 
factured in accordance with the second aspect of the 
invention typically comprises illuminating the device at 
the second wavelength; detecting the pattern generated 
by the second structure; and analysing this pattern by 
comparison with a reference. 

[0058] In the case where the pattern generated by the 
second structure is a coded pattern of discrete spots, 
the analysis step may comprise determining the relative 
intensities of the detected spots. It is useful to measure 
the relative intensities of different portions of the recon- 
structed machine verifiable image (for example as a 3 
level [2,1,0] coding scheme) as an additional check on 
security or as an additional coding means as opposed 
to measuring the absolute reconstruction efficiency of 
the machine readable feature which could vary due to 
emboss fidelity and substrate flatness, etc. So in partic- 
ular a relative intensity variation could be encoded into 
the machine verifiable image spots as an additional se- 
curity encoding feature. 

[0059] An apparatus for authenticating a security de- 
vice according to the first aspect of the invention or man- 
ufactured in accordance with the second aspect of the 
invention may comprise illumination means for illuminat- 
ing the device at the second wavelength (preferably in 
the near infrared); detection means for detecting the re- 
sultant (image or pixel) pattern generated by the second 
structure; and processing means for analysing the de- 
tected pattern by comparison with a reference. 
[0060] In the case where the second structure has 
been formed by exposing the substrate to a recording 
beam through an aberrating optical system, the appa- 
ratus further comprises a compensating optica! system 
between the device and the detection means to remove 
the effects of the aberrating optical system. 
[0061] Thus, in one example the apparatus will com- 
prise 

A) a narrow band (near infrared) light source which 
illuminates the device with a suitably angled narrow 
beam; 

B) locating means for locating the device such that 
the illumination beam impinges onto the machine 
readable feature area in the device; 

C) sensing means for sensing the resulting diffract- 
ed pattern which generates sensed data; 

D) comparison means for comparing the sensed da- 
ta with reference data; and 

E) means for outputting a signal in accordance with 
the result of the comparison. 
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[0062] The sensing means may be in the form of an 
array of individual sensors spatially disposed in accord- 
ance with the diffracted signal expected from a valid de- 
vice. For example there may be an array of silicon pho- 
tosensors each capable of providing a signal indicating s 
at least whether there is a diffracted beam or not (or level 
or intensity of the diffracted beams). Such a two dimen- 
sional sensing array may take an eight by four format. 
[0063] Alternatively a line of sensors may be provided 
to allow the document to be scanned past it. 
[0064] The sensing means may employ a charge cou- 
pled device which may be used to record coded blocks, 
or it may record a complicated image. 
[0065] Resulting from the sensing will typically be a 
set of presented device data which will then be matched 
with data held by or accessible to the comparing micro- 
processor. 

[0066] The data representing the degree of matching 
in accordance with the preset instructions may be used 
to drive electronic equipment such as pass and fail lights 
or displays, sounders, cameras, marking equipment, 
electronically controlled doors, conveyor deflectors and 
the like. 

[0067] The authenticating equipment may be used on 
its own for example giving a pass or fail signal or it may 
be incorporated into cash, ticket and voucher accepting, 
sorting and-or dispensing equipment, and access con- 
trol equipment. 

[0068] Some examples of security devices, methods 
for making such devices and methods and apparatus 
for reading the devices will now be described with ref- 
erence to the accompanying drawings in which: - 

Figure 1 illustrates a first example of a device while 
exposed to white light; 

Figure 2 illustrates apparatus for reading the ma- 
chine readable pattern reconstructed by the device 
shown in Figure 1; 

Figure 3 illustrates an example of a machine read- 
able pattern; and, 

Figures 4 and 5 illustrate apparatus for recording 
the first and second diffractive structures respec- 
tively. 

[0069] Figure 1 illustrates a sectional view of a lami- 
nated credit card 1 comprising a security printed, per- 
sonalised plastics substrate 1 A which bears a device 1 B 
of the invention, in the form of a securely affixed label. 
The device 1B comprises a transparent plastics sub- 
strate having a diffracting inner surface (the diffraction 
resulting from an impressed relief pattern), which has 
been metallised and the metallic surface then laminated 
to the card surface. The net diffractive embossment 
comprises two superimposed diffractive patterns, visual 
and machine readable respectively, combined during 
the origination stage, which provide a white light viewa- 
ble display hologram and infrared responsive machine 
readable information. 



[0070] Under white light illumination 2, the device 
generates a first reconstructed pattern defining an im- 
age which is perceived to be close to the real plane of 
the device (as distinct from appearing to be distantly 
above or betow the surface of the device). This recon- 
structed image is formed by diffracted beams 3 which 
give the perception to the viewer 4, of typically a three 
dimensional object. 

[0071] The image perceived at 4 is kept sharp but is 
restricted in perceived position and depth within a rela- 
tively shallow distance above and below the surface of 
the device, typically less than 50 mm. 
[0072] The machine readable feature incorporated in 
the composite hologram is reconstructed by the white 
light 2 such that the image forms well out of the plane 
of the card 1 , typically between 50mm and 300mm away 
so that it exhibits a degree of blur due to chromatic ab- 
erration. The net effect of this is that the machine read- 
able image which would theoretically be viewable in 
white light as a result of reconstruction beams 5 is not 
readily noticeable. 

[0073] Figure 2 illustrates the apparatus needed to re- 
construct or form the machine readable pattern arising 
from the second diffractive structure. A solid state de- 
vice 11 such as an infrared emitting diode or a laser di- 
ode which preferably emits narrow band near infrared 
radiation, typically around 950 nm is collimated or fo- 
cused (not shown) in such a way as to provide a beam 
1 2 which impinges on the composite device 1 B mounted 
on the substrate 1A. Under illumination at this wave- 
length, the second pattern generating structure re- 
sponds to the incoming beam to reproduce the machine 
readable pattern which is in the form of a set of pixels 
having on or off status (to be described in more detail 
below), the beams 1 3 generated by the second structure 
being focused at 14 onto one or more photodetectors 
(or a CCD array) 1 5. Each photodetector corresponds 
to a pixel of the resultant machine readable image and 
generates an electrical signal representing the intensity 
of the incoming beam. These electrical signals are fed 
to processing electronics, 1 6 of conventional form which 
compares the detected pattern with a reference and in- 
dicates whether or not the two patterns are the same 
[0074] The first diffractive structure also responds to 
the infrared beam 12 but by selecting the reference to 
object beam angle of the first diffractive structure (dis- 
play hologram) and the second diffractive structure (ma- 
chine readable hologram) it is arranged that at the infra- 
red readout wavelength the diffraction angle of the first 
order display hologram is greater than 90° so that the 
"reconstructed" beam 17 becomes evanescent and 
does not exist. This increases signal to noise ratio for 
the machine readable pattern. 
[0075] As has been mentioned above, the composite 
hologram could be created by exposing a light respon- 
sive surface on the substrate through an aberrated op- 
tical system. In that case, the machine readable appa- 
ratus will further comprise a de-aberrating optical sys- 
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tern (not shown) through which the reconstructed 
beams 14 pass before impinging on detectors 15. 
[0076] Figure 3 illustrates a typical pixel pattern form- 
ing a machine readable pattern. This pattern, as shown 
at 21 can be an array of output spots forming an on/off s 
pattern, bar code and the like or could optionally be well 
separated spots or just one spot for verification. In this 
particular example, a rectangular array of spots is 
shown with pixels 22 being "off" as indicated by the 
hatched lines; pixels 23 being "on"; and some pixels 24 
having an intermediate (grey scale) value which could 
be used to provide additional encoding in accordance 
with the brightness levels. 

[0077] To produce the diffractive structure which will 
reconstruct such a machine readable pattern, the origi- 
nation target could be a masked diffuser or set of diffus- 
es. 

[0078] To detect this pattern the photodetectors 1 5 or 
CCD array will be arranged in a similar manner to the 
squares or pixels shown in Figure 3. 
[0079] Figures 4 and 5 illustrate a two step, optical 
bench manufacturing method used for recording both a 
standard display hologram as the first diffractive struc- 
ture and on top of that the second machine readable 
diffractive structure in a recording medium such as a 
photoresist. 

[0080] This involves the first step of exposing a pho- 
toresist coated glass plate to form a standard rainbow 
holographic image as known in the art. 
[0081 ] This is followed by recording on the photoresist 
the machine readable diffraction pattern. 
[0082] Figure 4 shows an illustrative layout for record- 
ing a display hologram. A beam of appropriate laser light 
is split. One part forms a collimated or near collimated 
reference beam 30 which plays on a photoresist coating 
31 mounted on a glass plate 32. The other part 33 of the 
beam is caused to illuminate the rear of a master (usu- 
ally termed "HI") rainbow hologram (which is a trans- 
mission hologram recorded in a gelatino silver halide 
emulsion 34 supported on as glass plate 35, which has 
been developed). The diffracted light beam 36 recon- 
structs a real image in the plane of the photoresist plate 
interfering with the reference beam. 
[0083] The display hologram of the first diffractive 
structure is formed by recording the interference pattern 
formed between the cbject and reference beams, as 
known in the art. 

[0084] Figure 5 illustrates the layout needed on the 
optical bench for the recording of the second diffractive 
structure. This is done by placing the photoresist coating 
exposed in the manner of Figure 4 before development. 
[0085] The photoresist coating 31 is exposed to a col- 
limated reference beam 37 and several object beams 
38 and 39, each of which interferes with the reference 
beam to form simple sinusoidal gratings superimposed 
on the display hologram. Each of these gratings corre- 
sponds to one element of the machine readable feature. 
[0086] Alternatively the coded object beams could be 



derived from small point sources or small area sources 
in which case the machine readable features would con- 
tain a greater range of spatial frequencies. The advan- 
tage of recording the machine readable feature as a set 
of overlaid gratings is the reduction of fringe competition 
in the medium allowing a brighter display image and ma- 
chine readable image to be observed. In all cases the 
relative energies of the exposures are balanced to ob- 
tain the derived resuft. 

[0087] The machine readable structure will typically 
be recorded at a small angle to the reference beam 37 
(ie preferably but not necessarily the same reference 
beam angle as the visual image and with a small angle 
between the object beam and reference beam in order 
to make the feature more difficult to view). The angle 
between the machine readable object beam and refer- 
ence beam should be smaller than that between the vis- 
ual hologram object beams (conventionally the angle 
subtended by the Benton or rainbow slits of the holo- 
gram) and the reference beams in order to aid conceal- 
ment. It should be noted that the reference beam for the 
machine readable pattern could have a different diver- 
gence/convergence to that used for the visual hologram. 
[0088] The white light incident on the device is pref- 
erably angularly incident from a discrete source rather 
than diffusely incident. 

[0089] The second illumination source may be a nar- 
row band source, say, of 50mm bandwidth or less and 
must emit at a wavelength substantially different from 
that of the first source. The second source is preferably 
a narrow band near infrared source such as is emitted 
from an infrared emitting diode and is preferably incident 
on the device as a single narrow width beam. 



1 . A security device (1 B) comprising first and second 
diffractive structures contained within a surface re- 
lief structure, the structures being such that the de- 
vice responds to illumination at first visible wave- 
lengths (2) by a white light source, to generate a 
first pattern which is close to the real plane of the 
device such that it is visible to the normal observer, 
while any pattern generated by the second structure 
is not substantially visible at those wavelengths, 
and that the device responds to illumination at a 
second wavelength (12) substantially different from 
the first wavelengths (2) to generate a second pat- 
tern by the second structure suitable for machine 
reading characterized in that any pattern generated 
by the first structure is substantially suppressed, 
wherein upon illumination normal to the surface at 
the second wavelength (12), any pattern generated 
by the first diffractive structure is diffracted under 
the horizon of the security device. 

2. A device according to claim 1 , wherein the first and 
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second structures are superposed. 

3. A device according to claim 2. wherein the first and 
second diffractive structures extend over substan- 
tially the same area of the device (1B). 

4. A device according to any of the preceding claims, 
wherein the second pattern is a coded pattern of 
discrete spots. 

5. A device according to any of the preceding claims, 
wherein the first diffractive structure is a "rainbow" 
hologram. 

6. A device according to any of the preceding claims, 
wherein upon illumination by the white light source, 
the pattern generated by the second diffractive 
structure is positioned angularly close to the direc- 
tion of the illuminating beam and is thereby ob- 
scured from view. 

7. A device according to any of the preceding claims, 
wherein the second pattern is formed at a greater 
distance from the device than the first pattern upon 
illumination by the white lignt source. 

8. A device according to claim 7, wherein the second 
pattern is generated at a distance of between 50 
mm and 300 mm from the device. 

9. A device according to any of the preceding claims, 
wherein the second pattern has a significantly lower 
preferably less than 10%, brightness than the first 
pattern upon illumination by the wnite light source. 

10. A device according to any of the preceding claims, 
wherein the first and second diffractive structures 
are embossed in a substrate. 

1 1 . A method of constructing a security device (16) ac- 
cording to any of the preceding claims the method 
comprising forming the first diffractive structure as 
a surface relief on a substrate; and forming the sec- 
ond diffractive structure as a surface relief in the 
same region of the substrate as the first structure. 

12. A method according to claim 11, wherein the form- 
ing steps are carried out simultaneously. 

1 3. A method according to claim 1 1 or claim 1 2, wherein 
the second structure is formed by exposing the sub- 
strate to a recording beam through an aberrating 
optical system. 

14. A method according to any of claims 11 to 13, 
wherein the structures are combined to form a sin- 
gle relief pattern. 



15. A method according to any of claims 11 to 13, 
wherein the forming steps comprise embossing. 

16. A security printed document (1A) provided with a 
5 security device according to any of claims 1 to 10 

or manufactured in accordance with any of claims 
11 to 15. 

1 7. A document according to claim 1 6, wherein the doc- 
10 ument (1A) is a passport. 

18. An embossing shim bearing a surface relief pattern 
for manufacturing a security device according to 
any of claims 1 to 10. 

15 

Patentanspruche 

1. Eine Sicherheitseinrichtung (1B), die erste und 
20 zweite streuende Strukturen umfaBt, die in einer 

Oberflachenreliefstruktur enthalten sind, wobei die 
Strukturen derart sind, daB die Einrichtung auf die 
Beleuchtung mit ersten, sichtbaren Wellenlangen 
(2) von einer weiBen Lichtquelle reagiert, urn ein er- 

25 stes Muster zu erzeugen, das nahe der wirklichen 
Ebene der Einrichtung derart ist, daB es fur den nor- 
malen Beobachter sichtbar ist, wahrend irgendein 
Muster, das von der zweiten Struktur erzeugt wird, 
bei jenen Wellenlangen im wesentlichen nicht sicht- 

30 bar ist, und daB die Einrichtung auf die Beleuchtung 
mit einer zweiten Wellenlange (12) reagiert, die im 
wesentlichen von den ersten Wellenlangen (2) ver- 
schieden ist, ein zweites Muster durch die zweite 
Struktur zu erzeugen, das zum Maschinenlesen ge- 

35 eignet ist, dadurch gekennzeichnet, daB irgend- 
ein durch die erste Struktur erzeugtes Muster im 
wesentlichen unterdruckt wird, wobei bei Beleuch- 
tung normal zu einer Oberflache mit der zweiten 
Wellenlange (12) irgendein Muster, das von der er- 

40 sten, beugenden Struktur erzeugt wird, unter den 
Horizont der Sicherheitseinrichtung gebeugt wird. 

2. Eine Einrichtung gemaB Anspruch 1, in der die er- 
ste und zweite Struktur uberlagert sind. 

45 

3. Eine Einrichtung gemaB Anspruch 2, in der sich die 
erste und zweite, beugende Struktur im wesentli- 
chen uber den gleichen Bereich der Einrichtung 
(1B) erstrekken. 

so 

4. Eine Einrichtung gemaB irgendeinem der vorherge- 
henden Anspruche, in der das zweite Muster ein ko- 
diertes Muster einzelner Punkte ist. 

55 s. Eine Einrichtung gemaB irgendeinem der vorherge- 
henden Anspruche, in der die erste, beugende 
Struktur ein "Regenbogen°-Hologramm ist. 
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6. Eine Einrichtung gemaB irgendeinem der vorherge- 
henden Anspruche, in der bei Beleuchtung mit der 
wei3en Lichtqueile das von der zwetten, beugen- 
den Struktur erzeugte Muster winkelmaBtg nahe zu 
der Richtung des Beleuchtungsstrahls angeordnet 
und dadurch gegenuber einer Ansicht gesperrt ist. 

7. Eine Einrichtung gemaB irgendeinem der vorherge- 
henden Anspruche, in der das zweite Muster mit ei- 
ner groGeren Entfernung von der Einrichtung als 
das erste Muster bet Beleuchtung mit der weiGen 
Lichtqueile erzeugt wird. 

8. Eine Einrichtung gemaB Anspruch 7, in der das 
zweite Muster in einer Entfernung von zwischen 50 
mm und 300 mm von der Einrichtung erzeugt wird. 

9. Eine Einrichtung gemaG irgendeinem der vorherge- 
henden Anspruche, in der das zweite Muster eine 
merklich niedrigere, vorzugsweise weniger als 
10%, Helligkeit als das erste Muster bei Beleuch- 
tung mit der weiGen Lichtqueile hat. 

10. Eine Einrichtung gemaB irgendeinem der vorherge- 
henden Anspruche, in der die erste und zweite, 
beugende Struktur in ein Substrat eingepragt sind. 

11. Ein Verfahren zum Herstellen einer Sicherheitsein- 
richtung (1 B) gemaG irgendeinem der vorhergehen- 
den Anspruche, wobei das Verfahren umfaBt, die 
erste, beugende Struktur als ein Oberflachenrelief 
auf einem Substrat zu formen; und die zweite, beu- 
gende Struktur als ein Oberflachenrelief in dem 
gleichen Bereich des Substrats wie die erste Struk- 
tur zu formen. 

1 2. Ein Verfahren gemaG Anspruch 1 1 , bei dem die For- 
mungsschritte gleichzeitig ausgefOhrt werden. 

13. Ein Verfahren gemaG Anspruch 11 oder Anspruch 
1 2, bei dem die zweite Struktur geformt wird, indem 
das Substrat einem Aufzeichnungsstrahl durch ein 
Aberration aufweisendes, optisches System ausge- 
setzt wird. 

14. Ein Verfahren gemaB irgendeinem der Anspruche 
11 bis 13, bei dem die Strukturen kombiniert sind, 
urn ein einziges Reliefmuster zu bilden. 

15. 



16. 



17. Ein Dokument gemaB Anspruch 16, bei dem das 
Dokument (1A) ein ReisepaG ist. 

18. Eine Prageplatte, die ein Oberflachenreliefmuster 
5 zum Herstellen einer Sicherheitseinrichtung gemaB 

irgendeinem der Anspruche 1 bis 10tragt. 



Revendications 

10 

1 . Dispositif de s6curite (IB) comprenant des premiere 
et seconde structures de diffraction contenues dans 
une structure a relief de surface, les structures etant 
telles que le dispositif repond a un dclairement a 

15 des premieres longueurs d'onde visibles (2) au 
moyen d'une source de lumiere blanche pourg6n6- 
rer un premier motif qui est proche du plan r6el du 
dispositif de telle sorte qu'il sort visible pour I'obser- 
vateur normal tandis qu'un quelconque motif g6n6- 

20 r6 par la seconde structure n'est pas visible de ma- 
niere significative a ces longueurs d'onde, et etant 
telles que le dispositif r6pond a un eclairement a 
une seconde longueur d'onde (12) significative- 
ment differente des premieres longueurs d'onde (2) 

25 pour gene>er un second motif au moyen de la se- 
conde structure qui convient pour une lecture par 
machine, caracteris6 en ce qu'un quelconque motif 
gener6 par la premiere structure est supprime" de 
maniere significative ou, suite a un Eclairement per- 

30 pendiculaire a la surface ayant la seconde longueur 
d'onde (1 2), un quelconque motif g6n6re* par la pre- 
miere structure de diffraction est diff racte sous I'ho- 
rizon du dispositif de security 

35 2. Dispositif selon la revendication 1, dans lequel les 
premiere et seconde structures sont superposSes. 

3. Dispositif selon la revendication 2, dans lequel les 
premiere et seconde structures de diffraction 

40 s'etendent sur sensiblement la meme zone du dis- 
positif (1B). 

4. Dispositif selon I'une quelconque des revendica- 
tions pr6c6dentes, dans lequel le second motif est 

45 un motif code de points discrets. 

5. Dispositif selon I'une quelconque des revendica- 
tions prec6dentes, dans lequel la premiere structu- 
re de diffraction est un hologramme u iris6°. 



Ein Verfahren gemaB irgendeinem der AnsprOche 50 
11 bis 1 3, bei dem die Formungsschritte das Pragen 
umfassen. 

Ein Sicherheitsdruckdokument (1A), das mit einer 
Sicherheitseinrichtung gemaB irgendeinem der An- 55 
spruche 1 bis 10 versehen ist oder gemaB irgend- 
einem der Anspruche 11 bis 15 hergestellt ist. 



6. Dispositif selon Tune quelconque des revendica- 
tions precedentes, dans lequel, suite a un eclaire- 
ment au moyen de la source de lumiere blanche, le 
motif gener6 par la seconde structure de diffraction 
est positionnd angulairement de maniere a etre pro- 
che de la direction du faisceau d'dclairement et est 
ainsi masque a la vue. 
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7. Dispositif selon Tune quelconque des revendica- 
tions precedentes, dans lequel !e second motif est 
forme a une distance plus importante du dispositif 
que ne Test le premier motif suite a un eclairement 
par la source de lumiere blanche, s 

8. Dispositif selon la revendication 7, dans lequel le 
second motif est genere a une distance se situant 
entre 50 mm et 300 mm du dispositif. 

10 

9. Dispositif selon i'une quelconque des revendica- 
tions precedentes, dans lequel le second motif pre- 
sente une luminosite significativement inferieure, 
de preference inferieure de 1 0 %, a celle du premier 
motif suite a un eclairement par la source de lumiere is 
blanche. 

10. Dispositif selon I'une quelconque des revendica- 
tions precedentes, dans lequel les premiere et se- 
conde structures de diffraction sont formees en re- 20 
lief dans un substrat. 

11. Procede de construction d'un dispositif de securite 
(1B) selon I'une quelconque des revendications 
precedentes, le procede comprenant la formation 25 
de la premiere structure de diffraction en tant que 
relief de surface sur un substrat ; et la formation de 

la seconde structure de diffraction en tant que relief 
de surface dans la meme region du substrat que la 
premiere structure. 30 

12. Procede selon la revendication 11, dans lequel les 
etapes de formation sont mises en oeuvre simulta- 
nement. 

35 

1 3. Procede selon la revendication 11 ou 12, dans le- 
quel la seconde structure est formee en exposant 
le substrat a un faisceau d'enregistrement par I'in- 
termediaire d'un systeme optique a aberration. 

40 

1 4. Procede selon I'une quelconque des revendications 
11 a 1 3, dans lequel les structures sont combinees 
pour former un unique motif en relief. 

1 5. Procede selon Tune quelconque des revendications 45 
a 1 1 a 1 3, dans lequel les etapes de formation com- 
prennent une formation de relief. 

16. Document imprime de securite (1 A) muni d'un dis- 
positif de securite selon I'une quelconque des re- so 
vendications 1 a 10 ou fabrique selon I'une quelcon- 
que des revendications 11 a 15. 

17. Document selon la revendication 16, dans lequel le 
document (1A) est un passeport. 55 

18. Matrice en relief porteuse d'un motif de relief en sur- 
face pour fabriquer un dispositif de securit6 selon 



I'une quelconque des revendications 1 a 10. 
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